Patients with diabetic neuropathy typically have decreased sweating in the feet but excessive sweating in the upper body. Previous studies of sudomotor function in diabetes have included patients with longstanding disease. The present study was designed to test for the early presence of sudomotor dysfunction and to characterize its relation to glycemic control and other aspects of peripheral nerve function. A total of 37 patients (10 males, 27 females) enrolled in a longitudinal study, in which autonomic function was evaluated annually for 3 years. Patients enrolled 2-22 months after the diagnosis of type 1 diabetes. Forty-one ageand sex-matched healthy control subjects were also studied. Sweat production in response to acetylcholine stimulation was dramatically increased in the forearm at the time of the first evaluation (1.67 ± 0.24 µl/cm 2 in the diabetic patients vs. 1.04 ± 0.14 µl/cm 2 in the control subjects, P < 0.05). Likewise, the ratio of sweating in the forearm to sweating below the waist was higher in the diabetic patients (0.553 ± 0.07 µl/cm 2 ) than in the control subjects (0.385 ± 0.04 µl/cm 2 , P < 0.05). Forearm sweat was negatively associated with the renin-toprorenin ratio and vanillylmandelic acid (VMA) excretion (P < 0.025), tests of sympathetic nerve function. The ratio of sweating in the forearm to sweating in the foot was likewise increased in diabetic patients with poor glycemic control. We interpret this redistribution of sudomotor responses to be indicative of sympathetic nerve injury and conclude 1) that the sympathetic nervous system is especially vulnerable to the adverse effects of chronic hyperglycemia and 2) that sympathetic dysfunction can be detected very early in type 1 diabetes. Diabetes 50: [436][437][438][439][440][441][442][443] 2001 
I
t is widely recognized that sympathetic denervation leads to decreased sudomotor responses, atrophy of sweat glands, and eventually anhidrosis (1, 2) . Paradoxically however, sympathetic nerve injury can also cause hyperhidrosis, which is a common complication of sympathectomy (3, 4) . Hyperhidrosis in patients with sympathetic dysfunction may occur adjacent to an anhidrotic lesion or at a remote location. Decreased sweating in the feet of patients with diabetic neuropathy is typically associated with excessive sweating elsewhere, most often in the face or neck (1) . Although it seems as if the remaining sweat glands are excessively active to compensate for those that have been denervated or atrophied, this theory has been difficult to test, and the pathophysiology of compensatory hyperhidrosis remains obscure.
Previous studies of sudomotor function in diabetes have been performed on patients with longstanding disease, many of whom had overt neuropathy and sudomotor dysfunction. The early natural history of sudomotor function, particularly its relation to other aspects of autonomic function and glycemic control, has not yet been described.
The purpose of the present research was to determine whether sudomotor dysfunction could be detected early in type 1 diabetes in patients with intact somatosensory and cardiovascular autonomic nerve function. Patients were recruited <2 years after the onset of diabetes and studied longitudinally for 3 years. Patients had a comprehensive annual evaluation of cardiovascular autonomic and sudomotor function. We were also interested in comparing sudomotor function, a cholinergic sympathetic activity, with adrenergic sympathetic events known to be affected by diabetes. Because the adrenergic nervous system is the major site of norepinephrine synthesis, we measured vanillylmandelic acid (VMA) excretion, which is an index of norepinephrine production and known to be decreased in patients with autonomic neuropathy (5, 6) . The sympathetic nervous system also promotes the processing of prorenin and the synthesis and secretion of renin; therefore, we measured the plasma renin-to-prorenin ratio, which is known to be diminished in diabetic autonomic neuropathy (7, 8) .
RESEARCH DESIGN AND METHODS

Patients.
A total of 37 patients (10 males, 27 females) with type 1 diabetes enrolled 2-22 months after diagnosis in a longitudinal study of autonomic nerve function (Table 1) . Patients with symptoms of neuropathy, other systemic illnesses, or excessive alcohol consumption (an average of more than two drinks per day) were excluded from the study. All patients were taught to monitor their glucose levels at home and to adjust their insulin doses as necessary to maintain optimal glycemic control. HbA 1 was measured one to four times a year for 3 years. A total of 36 patients underwent three annual evaluations, and 1 patient withdrew after the second year. None of the patients complained of decreased sweating or hyperhidrosis.
The diabetic patients were admitted to beds designated for research at West Virginia University Hospital to control their dietary intake, activity, and glucose before and during the annual autonomic function testing. Glucose was monitored before each meal and snack and at 3:00 A.M., and insulin adjustments were made as needed. Patients were administered a weight-maintaining diet containing 130 mEq sodium daily. Caffeine, aspirin, and cigarettes were not allowed on the morning of the tests because of possible effects on autonomic function.
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Autonomic function tests were also performed in 41 age-and sex-matched healthy control subjects to provide a basis of comparison with the diabetic patients. The control subjects were also admitted to the hospital, administered the same diet, and subjected to the same restrictions.
The research protocol was approved by the Institutional Review Board of West Virginia University Hospital, and informed consent was obtained from the participants. Cardiovascular autonomic function Beat-to-beat variation with deep breathing. Patients were studied in the supine posture after relaxing comfortably for at least 10 min. Heart rate was monitored electrocardiographically while they breathed slowly (5 s inspiration/5 s expiration), as deeply as possible, for 5 min. The difference between the maximum and minimum instantaneous heart rates reflects the integrity of the parasympathetic innervation of the heart (9). In addition, vector analysis of the instantaneous heart rate was performed, and mean circular resultant was determined. This alternative index of heart rate variability minimizes error introduced by variation in intrinsic heart rate or ectopic cardiac beats (10) . Heart rate response to the Valsalva maneuver. Heart rate was monitored electrocardiographically while patients were supine and instructed to expire into a sphygmomanometer until a pressure of 40 mmHg was maintained for 20 s. The Valsalva ratio was calculated by dividing the maximal instantaneous heart rate during the maneuver by the minimal heart rate observed after release (11) . The test was performed twice and the average result calculated. A normal response (ratio >1.15) indicates that the baroreceptor reflex and the efferent limb of the sympathetic nervous system are intact. Small fiber somatosensory function. Quantitative sensory testing was used to assess small and thinly myelinated A delta fibers, which convey cold sensation, and C fibers, which convey heat. The hot and cold stimuli were applied to the dorsal aspect of the feet and the wrist, and participants were asked to distinguish between progressively small thermal stimuli until they were no longer able to detect the change in temperature (12) . Specific thermal thresholds were then determined by a microprocessor-controlled forcedchoice technique (Neurolink, East Lyme, CT). Thresholds were determined on two separate days, and the average performance was calculated for each of the four parameters of interest (heat-threshold feet, cold feet, heat wrist, and cold wrist). Sudomotor function. Sudomotor function was assessed with the quantitative sudomotor axon reflex test (QSART) (13) . Sweat production was quantitated in a circular sweat cell connected to the sudorometer (Abrams Instrument, Okemos, MI). The sweat cell was applied to the skin; an inner air chamber was connected to a dry nitrogen gas (2-5% absolute humidity); and acetylcholine (10%) was placed in an outer chamber from which it was applied to the skin by iontoelectrophoresis using a constant-current (1 mA for 5 min) generator (World Precision Instruments, Sarasota, FL). Sweating was quantitated by measuring the change in relative humidity of the nitrogen flowing through the inner chamber. Chart recordings proportional to relative humidity were integrated with respect to time, using a HiPad digitizer (Houston Instruments, Austin, Tx) and a Bioquant II Computer Analysis Program (R and M Biometrics, Nashville, TN). Four sweat capsules were used. One was placed on the left forearm, 25% of the distance from the pisiform bone to the ulnar epicondyle; one was placed over the anterior surface of the distal left leg; one over the proximal left leg; and one over the proximal left foot, over the extensor digitorum brevis muscle. Total sweat was calculated by taking the sum of sweat produced in the four sites. Biochemical measurements HbA 1 . HbA 1 was measured by agar gel electrophoresis (14) . The reference range for the nondiabetic population was 4.7-7.3%. Renin and prorenin. Active renin was measured as the rate of conversion of renin substrate to angiotensin I by plasma collected in EDTA (15) . Total renin (active plus inactive) was prepared in a separate 1-ml aliquot of plasma by preincubating the latter for 1 h with 10 µg trypsin from porcine pancreas (Sigma, St. Louis, MO). Total and active renin were then assayed by determining angiotensin I by radioimmunoassay using 125 I-labeled angiotensin I (INCStar, Stillwater, MN). Prorenin was calculated as the difference between total and active renin (16) . To avoid the confounding effect of ovarian prorenin, blood sampling was rescheduled for women who were menstruating at the time of their annual evaluation (17) . Vanillylmandelic acid. Urinary VMA was measured by high-performance liquid chromatography and coulometric detection using isoVMA as an internal standard (18) . Statistical analysis. Analysis of variance was used to test differences between diabetic patients and control subjects and differences between years in the longitudinal study (19) . Association between biochemical parameters and sudomotor function was assessed using regression analysis (20) .
RESULTS
None of the diabetic patients developed signs or symptoms of neuropathy, microvascular disease, or other diabetic complications during the course of this study. One patient developed hypertension. Of the 37 patients, 20 maintained their HbA 1 concentrations within American Diabetes Association guidelines (<1% above the upper limit of normal for patients without diabetes). Patients with good control had the same age and sex distribution as those with poor control.
Cardiovascular autonomic function in the diabetic patients was similar to that in the control subjects. Heart rate variability with deep breathing was slightly greater in the diabetic patients than in the control subjects during the first and second evaluations (Table 2) . At the time of the third evaluation, the post-Valsalva R-R interval was 1.83 ± 0.07, significantly lower (P < 0.05) than that of control subjects (2.02 ± 0.06).
The renin-to-prorenin ratio of the diabetic patients was 50% that of the control subjects at each evaluation (P < 0.01 each year) ( Table 2) . Urinary sodium had a negative correlation with plasma renin, a positive correlation with prorenin, but no correlation with the renin-to-prorenin ratio. VMA excretion was decreased in the diabetic patients only at the third evaluation (2.43 ± 0.17 vs. 3.01 ± 0.19 mg/g creatinine, P < 0.05).
Sweat production in response to acetylcholine iontophoresis was dramatically increased in the forearms of the diabetic patients at the first evaluation (1.67 ± 0.24 vs. 1.04 ± 0.14 µl/cm 2 in the control subjects, P < 0.05) ( Table 3) . Smaller increases at other sites during the first patient evaluation were not significant, but total sweat was increased (5.09 ± 0.54 µl/cm 2 in the diabetic patients vs. 3.90 ± 0.41 in the control subjects, P < 0.05). Forearm and total sweat were normal in the diabetic patients during subsequent evaluations. Sweating in the feet and sweating below the waist were not different in the diabetic versus the nondiabetic patients. However, the ratio of sweating in the forearm to sweating below the waist was dramatically increased at the time of the first evaluation (0.553 ± 0.07 vs. 0.385 ± 0.04 µl/cm 2 , P < 0.05). Sweat production tended to be greater in the males than in the females for both the control subjects and the diabetic patients, but the effect of sex was not statistically significant ( Table 4) . The female diabetic patients produced sweat at rates equal to or greater than that of the nondiabetic males. Age had no effect on sweat production.
To assess the effect of glycemic control on sweat production, we divided patients according to whether their average HbA 1 was above or below the median for all patients. The average HbA 1 for those in the low HbA 1 group (14 female, 6 male) was 7.66 ± 0.16%, whereas the average HbA 1 for those in the high HbA 1 group (13 female, 4 male) was 10.0 ± 0.28%. 
SUDOMOTOR FUNCTION AND SYMPATHETIC INJURY
The excessive forearm and total sweat production at the time of the first patient evaluation was more pronounced in those with poor control. In the forearm, sweat production in the poorly controlled diabetic patients was 2.10 ± 0.41 µl/cm 2 , greater than that of the well-controlled diabetic patients (1.30 ± 0.26 µl/cm 2 , P < 0.01) and greater than that of the control subjects (1.04 ± 0.14 µl/cm 2 , P < 0.001) (Fig. 1) . In the feet, however, the opposite pattern was seen. At the second evaluation, sweat production in the feet of the diabetic patients with good versus poor control was 1.05 ± 0.18 vs. 0.676 ± 0.13 µl/cm 2 , respectively (P < 0.05) ( Table 5) . At the third evaluation, sweat production was 1.36 ± 0.29 µl/cm 2 in those with good control and 0.86 ± 0.18 µl/cm 2 in those with poor control (P < 0.025). However, sweating in the feet of the poorly controlled diabetic patients was not different from that of the control subjects at any time point. The ratio of forearm sweat to foot sweat was greater (P < 0.01) in patients with poor control than in patients with good control throughout the study (Table 5) . At the time of the first evaluation, the ratio of forearm sweating to below-the-waist sweating was 0.703 ± 0.14 µl/cm 2 in the diabetic patients with poor control, significantly different from those with good control (0.426 ± 0.07 µl/cm 2 ) and the control subjects (0.385 ± 0.04 µl/cm 2 ) (P < 0.01). The ratio of forearm to below-the-waist sweat was significantly greater (P < 0.01) in patients with poor control than in patients with good control throughout the study (Fig. 1) . Analysis of the forearm sweat to total sweat and HbA 1 as continuous variables confirmed an association, although it was only of borderline significance (P < 0.06).
Sweat production was negatively associated with heart rate variability with deep breathing. The average total sweat production for each patient during the 3-year study was inversely correlated with their average beat-to-beat variation with deep breathing (P < 0.05) (Fig. 2) . Weak negative associations with heart rate variability were noted for sweat production in the forearm (P < 0.1), the foot (P < 0.05), and below the waist (P < 0.1). Similar weak negative associations were noted for the heart-rate response to the Valsalva maneuver and sweat production, but these were significant only in the foot (P < 0.05).
Thermal threshold detection did not differ between the diabetic patients and the control subjects (Table 2 ). There was no correlation between sudomotor function and thermal threshold detection in the upper extremities. In the feet, thermal thresholds for cold correlated with sweating at the time of the second evaluation (P < 0.025). At the third evaluation, the association approached significance (P = 0.065). The average thermal threshold for cold in the feet over the entire study was negatively correlated with the average sweat production in the foot (P < 0.05) (Fig. 3) . Data are means ± SE. *Different from control subjects, P < 0.05; †different from second and third evaluation, P < 0.025; ‡different from control subjects, P < 0.01. Data are means ± SE of sweat produced (µl/cm 2 ). *Different from control subjects, P < 0.05; †different from first evaluation, P < 0.01; ‡different from first evaluation, P < 0.05.
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The renin-to-prorenin ratio was inversely correlated with sweat production. Forearm sweat production showed a significant negative association with the renin-to-prorenin ratio for years 1 (P < 0.025) (Fig. 4 ) and 3 (P < 0.05) and for the average of years 1, 2, and 3 (P < 0.01). Total sweat production showed a significant negative association with the renin-to-prorenin ratio for years 1 (P < 0.01) (Fig. 4 ) and 3 (P < 0.05) and for the average of years 1, 2, and 3 (P < 0.05).
VMA excretion was also inversely associated with sweat production. Forearm sweat was negatively associated with VMA excretion for year 1 (P < 0.025) (Fig. 5) . Total sweat was negatively associated with VMA for years 1 (P < 0.01) (Fig. 5 ) and 2 (P < 0.025) and for the average of years 1, 2, and 3 (P < 0.05).
The renin-to-prorenin ratio was decreased in the well-controlled diabetic patients as well as in the poorly controlled diabetic patients, but the changes were more pronounced in the poorly controlled diabetic patients (Table 6 ). VMA excretion was decreased only in the poorly controlled diabetic patients at the third evaluation ( Table 6 ). The post-Valsalva R-R interval ratios were lower in the poorly controlled diabetic patients than in the well-controlled diabetic patients or in the control subjects (Table 6) .
DISCUSSION
This study was designed to test for the presence of sympathetic neuropathy in early type 1 diabetes. In experimental diabetes, sympathetic dysfunction develops rapidly (21) , and studies of pupillary light reflexes in humans have suggested that this also occurs in clinical diabetes (22) . In the present study, we observed a redistribution of sympathetic sudomotor responses at the time of the first patient evaluation, which was within the first 2 years after diagnosis. Increased sweating was observed in the forearm, and the ratio of forearm sweating to the sum of sweating in three sites below the waist was increased (Table 3) (Fig. 1) . A similar redistribution pattern was observed at the second and third evaluations, although the ratios of sweating in the forearm to sweating below the waist or sweating in the feet in poorly controlled diabetic patients were not different from the ratios in control subjects. Nevertheless, the ratio of sweating in the forearm to sweating in the foot was higher in the poorly controlled versus the well-controlled diabetic patients throughout the study (Table 5) . At the second and third evaluations, the ratio was increased in the poorly versus the well-controlled diabetic patients because the hyperglycemic group had less sweat production in the feet than the well-controlled diabetic patients. Because it is well documented that patients with overt neuropathy have decreased sweating in the lower extremities and increased sweating in the upper trunk, head, and neck (1,2), we interpret the presently observed redistribution of sudomotor responses as evidence of sympathetic dysfunction. It is unlikely that the excessive forearm sweating should be interpreted to mean that sudomotor function is paradoxically healthier in the Data are means ± SE of sweat produced (µl/cm 2 ) for control subjects and diabetic patients at the time of their first evaluations. *Different from women control subjects, P < 0.05.
FIG. 1.
Effect of glycemic control on forearm sweat, total sweat, and ratio of sweating above the waist to sweating below the waist. Mean results for patients whose HbA 1 values were below ( ) or above ( ), respectively, the median for the group, versus that of the control subjects ( ). Forearm sweat is expressed as microliters per square centimeter, whereas total sweat is expressed as microliters per 4 cm 2 . *Different from controls, P < 0.001; †different from diabetic patients with low HbA 1 , P < 0.01; ‡different from controls, P < 0.005; §different from controls, P < 0.01; ʈdifferent from diabetic patients with low HbA 1 , P < 0.01; and ¶diabetic patients with high versus low HbA 1 across all years were different (P < 0.01).
diabetic patients than in the control subjects. The redistribution of sudomotor responses was seen primarily in the diabetic patients with poor glycemic control ( Fig. 1) (Table 5) , and the latter is known to damage the autonomic nervous system (23). Accordingly, Cardone and Dyck (21) observed that the early development of sudomotor dysfunction was evident only in poorly controlled diabetic rats. In addition, the negative associations between forearm sweating and biochemical measures of the integrity of the sympathetic nervous system, VMA excretion and the plasma renin-to-prorenin ratio, also suggest that excessive sweating at the time of the first evaluation was indicative of sympathetic nerve injury (Figs. 4 and 5) . Moreover, excessive sweating was associated with worse heart-rate variability with deep breathing, suggesting that the pathological process taking place in the sympathetic nervous system was also showing early effects on parasympathetic function (Fig. 2) .
We also tested the function of small somatosensory nerves by measuring thermal threshold detection. Performance of the diabetic patients was not different from that of the control subjects on this test. Thus, it appears that sympathetic nerves are more vulnerable to the adverse effects of chronic hyperglycemia than other small nerves. Generally, there was little or no correlation between thermal threshold detection and sudomotor responses. However, high cold thresholds in the feet were associated with decreased sweating in the feet (Fig. 3) . This indicates that the decreased sudomotor function in the feet previously described in patients with chronic diabetes and overt neuropathy begins to develop early in the disease.
Although decreased sweating in the feet is the anticipated response to sympathetic dysfunction, the excessive sweating in the forearm is not as easily explained. Excessive sudomotor responses to acetylcholine have also been observed in individual diabetic patients, raising the question of denervation hypersensitivity (24) . There is no evidence, however, that a damaged sympathetic nerve is hypersensitive to administered acetylcholine or that the sweat gland is hypersensitive to the acetylcholine released by the neuron (13, 21, 25, 26) . In Data are means ± SE of sweat produced (µl/cm 2 ). *Different from controls and different from diabetic patients with low HbA 1 , P < 0.01; †different from diabetic patients with high HbA 1 at the third evaluation, P < 0.05; ‡diabetic patients with high versus low HbA 1 across all years were different, P < 0.05; §diabetic patients with high versus low HbA 1 across all years were different, P < 0.01.
FIG. 2.
Average heart rate variability with deep breathing versus average total sweat production. The beat-to-beat variation is expressed as the maximum heart rate during deep breathing minus the minimum heart rate during deep breathing. Total sweat is expressed as microliters per 4 cm 2 of skin. The average heart-rate variability with deep breathing for each patient during the 3-year study was inversely associated with their average total sweat production (P < 0.05). fact, the opposite has been observed; namely, that sympathetic nerve damage decreases its response to acetylcholine stimulation, and decreased sweating is the usual consequence (13) . Thus, we feel it is unlikely that the increased sweating in the forearm in early diabetes is indicative of denervation hypersensitivity.
Could the increased sweating in the forearm in early diabetes reflect a compensatory response to sympathetic nerve injury elsewhere in the body (1)? The phenomenon of compensatory hyperhidrosis is a well-documented consequence of regional sympathectomy (3, 4, 27) . Moreover, there are other instances in which decreased sympathetic activity in one part of the body is associated with excessive activity elsewhere in the body. Nondiabetic patients with orthostatic tachycardia have decreased autonomic surface potentials and other evidence of sympathetic dysfunction in the feet, yet they have increased increments in plasma norepinephrine (a large fraction of which derives from forearm sympathetic neurons) when they undergo orthostatic stress (28) . Finally, diabetic patients with overt sympathetic neuropathy in the lower extremities may have increased sweating in upper body and face, typically after eating (29) . Thus, it is reasonable to postulate that increased sweating in the forearm reflects sympathetic hyperactivity, which in turn is a compensatory response to sympathetic nerve injury elsewhere in the body. However, there are problems with this interpretation of our data. Because there was no sign of decreased sweating below the waist at the time of the first patient evaluation, it is necessary to postulate that any compensatory increase in sweating in the forearm was the result of sympathetic injury suffered by neurons we did not test. The decreased renin-to-prorenin ratios at the time of the first patient evaluation, especially in the poorly controlled diabetic patients (Table 6 ), provides indirect evidence for the early onset of sympathetic injury that may have been missed at the time of the first evaluation by the QSART, which was only performed on a very small fraction (4 cm 2 ) of the total surface area of the body. Sweating in the feet, the renin-toprorenin ratios, and the post-Valsalva R-R interval ratios were all decreased in the poorly controlled versus the wellcontrolled diabetic patients at the time of the second and third evaluations.
An alternative explanation of our findings is that compensatory hyperhidrosis may be a local process, whereby partially denervated sweat glands are reinnervated by multiple regenerating neurons (30) , which transiently leads to an exaggerated response to cholinergic stimulation. Kennedy et al. (30) have documented in rodents that denervated sweat glands are 1.74 ± 0.11* § R-R interval *Different from control subjects, P < 0.05; †different from control subjects, P < 0.01; ‡different from patients with low HbA 1 , P < 0.05; §diabetic patients with high versus low HbA 1 across all years were different, P < 0.025. quickly reinnervated by regenerating sympathetic neurons, and it is possible that this occurs clinically early in diabetes and caused the transient increase in the acetylcholineinduced forearm sweating and total sweating that we observed. However, the excessive sweating was seen only at the first evaluation, presumably because persistent hyperglycemia continues to damage both new and preexisting sympathetic neurons.
Although we are unable to prove the validity of the above mechanistic speculations, our results are nevertheless consistent with the large body of literature that indicates that diabetes-related sudomotor disturbances reflect sympathetic nerve injury (1) (2) (3) (4) (28) (29) (30) . These studies support the broad interpretation of our current data, namely that redistribution of sudomotor responses in diabetic patients is an adverse consequence of chronic hyperglycemia and is definitely pathological. In this regard, our results provide a new perspective of the natural history of diabetic autonomic neuropathy. Although it is a common belief that parasympathetic abnormalities develop early in diabetes and that sympathetic dysfunction develops late (31) , this dogma may be invalid because it is based on comparisons of sensitive tests of parasympathetic function, such as the heart rate variability with deep breathing, and insensitive tests of sympathetic function, such as the hemodynamic response to orthostatic stress or isometric hand grip. However, the QSART, a much more sensitive test of postganglionic sympathetic neurons than older methods (32, 33) , has made it possible to demonstrate that sympathetic involvement occurs very early in poorly controlled type 1 diabetes and may be the first detectable feature of peripheral neuropathy.
In summary, we observed a relative increase in forearm sweating and a relative decrease in sweating below the waist, especially in the feet, early in poorly controlled type 1 diabetes. Increased sweating in the forearm at the time of the first evaluation showed a negative association with plasma renin-toprorenin ratio and VMA excretion, two independent measures of the integrity of the sympathetic nervous system. The renin-to-prorenin ratio was decreased throughout the study in the diabetic patients, and VMA excretion was decreased at the time of the third evaluation; both parameters were more significantly affected in the poorly controlled diabetic patients. Thus, multiple lines of evidence indicate sympathetic nerve dysfunction in our patients. Because small-fiber somatosensory function and cardiac parasympathetic function were normal during the first few years of diabetes, our results indicate that the sympathetic nervous system is especially vulnerable to the adverse effects of chronic hyperglycemia.
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